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1	Introduction
Heat	pipes	are	efficient	heat	transfer	devices	which	can	transport	the	heat	over	a	distance	with	a	small	temperature	gradient	using	the	principle	of	the	latent	heat	of	vaporisation	[1].	With	the	development	of	solar	energy,	the




































































where	n	is	the	phases	number,	 is	a	body	force,	and	 is	the	viscosity	of	the	mixture: .	 ,	if	the	drift	velocity	for	secondary	phase	k,	 .
The	energy	equation	is	expressed	as	Eq.	(5).






































Model	Setting Parameter Model	Setting Parameter














































































(EP/R004684/1)	 and	 Innovate	UK	 (TSB	70507-481546)	 for	 the	 Newton	 Fund	 -	 China-UK	 Research	 and	 Innovation	 Bridges	 Competition	 2015	 Project	 ‘A	High	 Efficiency,	 Low	 Cost	 and	 Building	 Integrate-able	 Solar
Photovoltaic/Thermal	(PV/T)	system	for	Space	Heating,	Hot	Water	and	Power	Supply’	and	DongGuan	Innovation	Research	Team	Program	(No.	2014607101008).
References
[1]	G.	Li,	X.	Zhao	and	J.	Ji,	Conceptual	development	of	a	novel	photovoltaic-thermoelectric	system	and	preliminary	economic	analysis,	Energy	Convers	Manag	126,	2016,	935–943.
[2]	Adel	A.	Eidan,	Assaad	AlSahlani,	Ahmed	Qasim	Ahmed,	Mohamed	Al-fahham	and	Jalal	M.	Jalil,	Improving	the	performance	of	heat	pipe-	experimentally	by	using	Al2O3	and	CuO/acetone	nanofluids,	Sol	Energy	173,	2018,
780–788.
[3]	Lingjiao	Wei,	Dazhong	Yuan,	Dawei	Tang	and	Bangxian	Wu,	A	study	on	a	flat-plate	type	of	solar	heat	collector	with	an	integrated	heat	pipe,	Sol	Energy	97,	2013,	19–25.
[4]	H.	Jouhara,	M.	Szulgowska-Zgrzywa,	M.A.	Sayegh,	J.	Milko,	J.	Danielewicz,	T.K.	Nannou	and	S.P.	Lester,	The	performance	of	a	heat	pipe	based	solar	PV/T	roof	collector	and	its	potential	contribution	in	district	heating
applications,	Energy	136,	2017,	117–125.
[5]	G.	Li,	W.	Feng,	Y.	Jin,	X.	Chen	and	J.	Ji,	Discussion	on	the	solar	concentrating	thermoelectric	generation	using	micro-channel	heat	pipe	array,	Heat	Mass	Transf	53	(11),	2017,	3249–3256.
[6]	G.	Li,	G.	Zhang,	W.	He,	J.	Ji,	S.	Lv,	X.	Chen	and	H.	Chen,	Performance	analysis	on	a	solar	concentrating	thermoelectric	generator	using	the	micro-channel	heat	pipe	array,	Energy	Convers	Manag	112,	2016,	191–198.
[7]	Yuechao	Deng,	Yaohua	Zhao,	Wei	Wang,	ZhenhuaQuan,	Lincheng	Wang	and	Dan	Yu,	Experimental	investigation	of	performance	for	the	novel	flat	plate	solar	collector	with	micro-channel	heat	pipe	array	(MHPA-FPC),	Appl
Therm	Eng	54	(2),	2013,	440–449.
[8]	Yuechao	Deng,	Wei	Wang,	Yaohua	Zhao,	Liang	Yao	and	Xinyue	Wang,	Experimental	study	of	the	performance	for	a	novel	kind	of	MHPA-FPC	solar	water	heater,	Appl	Energy	112,	2013,	719–726.
[9]	ZhenhuaQuan	LongshuHou,	Yaohua	Zhao,	Lincheng	Wang	and	Gang	Wang,	An	experimental	and	simulative	study	on	a	novel	photovoltaic-thermal	collector	with	micro	heat	pipe	array	(MHPA-PV/T),	Energy	Build	124,
2016,	60–69.
[10]	G.	Li,	J.	Ji,	G.	Zhang,	W.	He,	X.	Chen	and	H.	Chen,	Performance	analysis	on	a	novel	micro-channel	heat	pipe	evacuated	tube	solar	collector	incorporated	thermoelectric	generation,	Int	J	Energy	Res	40	(15),	2016,
2117–2127.
[11]	Tingting	Zhu,	Yanhua	Diao,	Yaohua	Zhao	and	Ma	Cheng,	Performance	evaluation	of	a	novel	flat-plate	solar	air	collector	with	micro-heat	pipe	arrays	(MHPA),	Appl	Therm	Eng	118,	2017,	1–16.
[12]	Zhong	Wei	Zhu,	Hong	Ming	Fan	and	Cheng	Zhang,	Experimental	investigations	on	the	effectiveness	of	micro	heat	pipe	array	heat	exchanger	for	heat	recovery	for	residential	building,	Appl	Therm	Eng	102,	2016,
980–988.
[13]	Kamal	Skeiker,	Optimum	tilt	angle	and	orientation	for	solar	collectors	in	Syria,	Energy	Convers	Manag	50,	2009,	2439–2448.
[14]	Adnan	Shariah,	M-Ali	Al-Akhras	and	I.A.	Al-Omari,	Optimizing	the	tilt	angle	of	solar	collectors,	Renew	Energy	26,	2002,	587–598.
[15]	Mark	Z.	Jacobson	and	Vijaysinh	Jadhav,	World	estimates	of	PV	optimal	tilt	angles	and	ratios	of	sunlight	incidentupon	tilted	and	tracked	PV	panels	relative	to	horizontal	panels,	Sol	Energy	169,	2018,	55–66.
[16]	Huseyin	Gunerhan	and	Arif	Hepbasli,	Determination	of	the	optimum	tilt	angle	of	solar	collectors	for	building	applications,	Build	Environ	42,	2007,	779–783.
[17]	Runsheng	Tang	and	Tong	Wu,	Optimal	tilt-angles	for	solar	collectors	used	in	China,	Appl	Energy	79,	2004,	239–248.
[18]	Xue	Z.,	Qu	W.	Experimental	study	on	effect	of	tilt	angles	to	ammonia	pulsating	heat	pipe.	Chin	J	Aeronaut,	27(5):	1122–1127.
[19]	Lingen	Chen	and	Huijun	Feng,	Multi-objective	constructal	optimizations	for	fluid	flow,	heat	and	mass	transfer	processes,	2017,	Science	Press;	Beijing.
[20]	Huijun	Feng,	Lingen	Chen	and	Shaojun	Xia,	Constructal	design	for	disc-shaped	heat	exchanger	with	maximum	thermal	efficiency,	Int	J	Heat	Mass	Transf	130,	2019,	740–746.
[21]	Huijun	Feng,	Lingen	Chen,	Zhihui	Xie	and	Fengrui	Sun,	Constructal	entransy	dissipation	rate	minimization	of	a	rectangular	body	with	nonuniform	heat	generation,	Sci	China	Technol	Sci	59	(9),	2016,	1352–1359.
[22]	ANSYS	Fluent,	Ansys	fluent	theory	guide:	version	13.0,	2010,	Ansys	Inc.;	Canonsburg.
[23]	A.	Brusly	Solomon,	M.	Sekar	and	S.H.	Yang,	Analytical	expression	for	thermal	conductivity	of	heat	pipe,	Appl	Therm	Eng	100,	2016,	462–467.
Nomenclature
F:	body	force	[N/m3]
h:	sensible	enthalpy	[J/kg]
k:	effective	conductivity	[W/m/K]
LH:	Latent	Heat	[J/kg]
m:	mass	[kg]
p:	pressure	[Pa]
S:	volumetric	heat	source	[W/m3]
t:	time	[s]
v:	velocity	[m/s]
y:	dimension	[m]
Subscripts
c:	condenser
dr:	drift
e:	evaporator
eff:	effective	conductivity
k:	phase	liquid	or	vapour
l:	liquid
m:	mixture
n:	number	of	phase	sat	saturation
t:	turbulent
v:	vapour
Greek	Symbols
:	density	(kg/m3)
:	volume	fraction	[−]
:	velocity	[m/s]
		ρ	
		α	
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